lead to hammering of the toes. 16 Callus formation may result from weight transfer to the lateral foot border due to progressive pes cavus and foot inversion, as demonstrated experimentally.
20 controls and 15 patients with clinically suspected mild UNE. Greatest peak latency shift and amplitude drop between 2 adjacent stimulation sites were calculated. Results: The upper limit of normal for peak latency shift and amplitude reduction between sites was 0.7 ms and 15%, respectively. Abnormal latency shift was detected in 12 of 15 patients and focal sensory conduction block in 6 of 15 patients. In 5 of 7 patients in whom all other studies were normal, sensory inching was abnormal. Discussion: Ulnar sensory short segment stimulation may provide diagnostic confirmation and localization of the site of nerve compression in mild UNE, and may improve UNE detection when all other studies are normal.
Muscle Nerve 59: [125] [126] [127] [128] [129] 2019 Patients with suspected ulnar neuropathies at the elbow (UNE) are commonly referred for electrodiagnostic (EDx) testing. 1 Paresthesias or numbness may be the only symptoms in mild UNE due to the greater susceptibility of large myelinated sensory fibers to compression injury. 2 On routine EDx testing, ulnar motor and sensory nerve conduction studies (NCS) demonstrate variable findings depending on the underlying pathophysiology and severity. Slowing of motor conduction velocities, with or without conduction block across the elbow, and low ulnar sensory or motor amplitudes may be present. Motor short segment stimulation (inching) across the elbow has demonstrated higher sensitivity and specificity than routine NCS in diagnosing UNE by detecting focal conduction block or slowing across a small nerve segment. [3] [4] [5] However, the findings on routine NCS and motor short segment stimulation are often normal in patients with very mild, intermittent, or only sensory UNE symptoms. 3 Short segment stimulation of ulnar sensory nerves could potentially overcome this problem, but it is not routinely performed, partially due to the challenge of defining focal conduction block in the context of normal phase cancellation when stimulating sensory nerves over a distance. The aim of this study was to evaluate the utility of ulnar sensory short segment stimulation in patients with clinically suspected mild UNE and only sensory symptoms.
METHODS
Asymptomatic controls and patients with clinically suspected UNE were studied. Control subjects were recruited among Mayo Clinic employees and excluded if they had pain, weakness, or sensory symptoms in upper extremities or a history of ulnar neuropathy or other peripheral nerve disorders. All controls underwent routine ulnar NCS to exclude subclinical ulnar neuropathy.
Clinically suspected UNE subjects were recruited among patients who presented to the electromyography laboratory with classic symptoms (including elbow pain, sensory disturbance only in the ulnar nerve distribution, and/or positive Tinel sign at the elbow), no objective weakness in ulnar innervated muscles, and no other abnormalities on EDx testing. All UNE patients underwent routine median and ulnar motor and sensory NCS in the affected arm using standard laboratory techniques. 6 In patients with a greater than 20% amplitude drop between below-elbow (BE) and above-elbow (AE) stimulation sites or less than 10 m/s slowing of conduction velocity across the elbow on routine ulnar motor studies, short segment motor stimulation was also performed. To evaluate patients with the mildest severity, those with low ulnar motor or sensory antidromic distal amplitudes (indicating axonal loss) were excluded.
All control and UNE subjects underwent ulnar sensory short segment stimulation across the elbow (Fig. 1) . The peak-peak amplitude (microvolts) and peak latency (milliseconds) of sensory responses at each stimulation site were recorded. Peak, rather than onset, latency was used due to a higher reliability of accurately marking the peak, especially in low-amplitude responses. The greatest peak latency prolongation and percent amplitude reduction between 2 contiguous elbow stimulation points were calculated. To minimize the effect of magnifying the relative difference between 2 points in patients who had single-digit amplitudes, the amplitude reduction between 2 elbow sites was calculated relative to the wrist amplitude. The 95th percentile of each parameter on ulnar sensory short segment stimulation in control subjects was used as the upper limit of normal (ULN). 7 The 2-cm elbow segment at which abnormal latency shift or conduction block were observed was also documented.
Our study was approved by the institutional review board and informed consent was obtained from all the research subjects.
RESULTS
Twenty controls (50% female, mean age 41.3 years) and 15 patients (62.5% female, mean age 53.0 years), with a mean symptom duration of 22 months, were studied. All patients had subjective sensory FIGURE 1. Short segment stimulation of the ulnar sensory nerve across the elbow in a patient with suspected mild UNE demonstrating focal latency shift and partial conduction block (arrow). With the arm flexed 70 at the elbow and ring electrodes placed on the fifth digit, the ulnar nerve was stimulated at the wrist (11 cm from G1) and 5 cm distal to the medial epicondyle (below elbow). Subsequently, the ulnar nerve was stimulated in 2-cm segments proximally across the elbow until reaching the above-elbow site, 5 cm above the medial epicondyle. Special attention was paid to technical factors to ensure a limb temperature of at least 32 C, accurate 2-cm distances between stimulation sites, and reliable marking of 3 or more averaged and reproducible supramaximal sensory responses. Lat 1, onset latency; Lat 2, peak latency; Amp, amplitude.
disturbances only in the ulnar distribution, 6 had objective sensory loss in the fourth and fifth digits and medial aspect of the hand, 1 had sensory loss in ulnar digits only, and 8 patients had no objective sensory deficits on examination. Elbow pain and positive Tinel's sign was present in 9 and 7 patients, respectively.
The patients with clinically suspected UNE were divided into 2 groups: group A (n = 7) consisted of those with completely normal routine ulnar studies, including motor inching (performed for comparison in 4); and group B (n = 8) consisted of those with normal routine sensory NCS but abnormal motor NCS studies (>20% amplitude drop between BE-AE stimulation sites or >10 m/s slowing of conduction velocity across the elbow and abnormal ulnar motor inching studies with either focal conduction block (>10% amplitude reduction), focal slowing (≥0.8 ms peak latency prolongation), or both. Although motor short segment stimulation in group B provided evidence of a focal ulnar neuropathy, sensory short segment stimulation was still performed to investigate for the presence of similar abnormalities and to compare the degree of slowing and conduction block between patients in groups A and B (Table 1 ).
In the control group, the mean maximum percent amplitude reduction between 2 adjacent elbow stimulation sites relative to the wrist amplitude was 5.6% (ULN 11.8%) and the mean maximum peak latency shift over a 2-cm elbow segment was 0.52 ms (ULN 0.7 ms). In UNE patients, the mean maximum percent amplitude reduction between 2 adjacent elbow sites relative to wrist amplitude was 8.6% in group A and 21.3% in group B. The mean maximum peak latency shift was 1.0 in group A (range 0.5-1.5 ms) and 1.1 in group B (range 0.6-1.5 ms).
When using 0.7 ms as the ULN for latency shift between 2 elbow stimulation sites, 12 of 15 (80%) patients had abnormal focal slowing on sensory inching studies: 5 of 7 (71.5%) in group A and 7 of 8 (87.5%) in group B. When considering a percent amplitude reduction over a 2-cm elbow segment relative to the wrist amplitude of 15% at the ULN, none of the patients in group A and 6 of 8 (75%) in group B demonstrated sensory conduction block.
The 2-cm elbow segments that demonstrated latency shift, conduction block, or both were the segment containing the medial epicondyle (9 of 13 patients) and the segment immediately proximal to the medial epicondyle (4 of 13 patients). Motor and sensory inching studies showed abnormalities in the same elbow segment in all patients in group B; in group A, motor inching was normal, so no comparison between affected segments could be made.
DISCUSSION
EDx studies are reliable in confirming UNE. 7 Motor short segment stimulation across the elbow is a sensitive technique to localize the site of focal nerve compression. However, in patients with only mild sensory symptoms, UNE is more difficult to confirm, because true neurapraxic injury may only be present in sensory fibers. In this situation, the only expected finding on routine ulnar sensory NCS is mild conduction slowing, precluding precise localization along the nerve.
In this study, the majority of patients with clinically suspected mild UNE demonstrated abnormal peak latency shifts on sensory inching studies, a finding that was observed not only in patients with abnormal motor inching, as expected, but also in patients with normal motor inching. This suggests that, when the underlying pathology consists of focal demyelination only in sensory fibers, ulnar sensory inching techniques may provide diagnostic confirmation and localization, as well as detect abnormalities when all other EDx studies are normal. In addition, when present in motor inching studies, the focal slowing and/or block were found in the same elbow segment, demonstrating the reliability of the sensory inching technique. The degree of amplitude drop, indicative of conduction block, between 2 adjacent elbow sites was not markedly different between controls and patients with normal ulnar motor inching; therefore, focal conduction block along sensory axons is unlikely to occur in the absence of block in motor axons.
Although we only evaluated 20 control subjects, which is lower than the number of subjects recommended to establish reference values, we found an upper limit of normal for peak latency prolongation over a 2-cm elbow segment of 0.7 ms and a percent amplitude reduction relative to wrist amplitude indicative of conduction block of greater than 15%, values that are similar to reference published values for ulnar motor segmental studies. This suggests that there is no significant difference in normal conduction time between motor and sensory fibers over such a short segment, and that similar ULN values for latency shift can be used for motor and sensory short segment stimulation studies. 8, 9 Our study has demonstrated that short segment stimulation of the ulnar sensory nerve across the elbow is a reliable technique to help confirm UNE in patients with very mild, sensory symptoms. When patients only demonstrate findings on ulnar sensory inching, the underlying pathology is likely very mild neuroapraxic injury isolated to sensory axons, which would suggest a favorable outcome with conservative management. Because patients in this study were selected based on a high pretest probability of UNE, Table 1 . Ulnar nerve conduction parameters in asymptomatic controls and mild UNE subjects the utility in patients with vague or nonspecific upper limb symptoms needs to be further studied.
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